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The invention relates to a bucket wheel with open
buckets disposed at the periphery of a carrier disc and
alternately directed toward each side of the wheel.” |

When applied to-a free jet turbine-it is the object of
the invention that the bucket wheel should support the
bending moment of the buckets, which is given by the
product of the jet pressure with the distance from the
jet centre to the bucket foot or root or to the fixing point
of the bucket, hence sparing the hitherto customarily used
stiffenings, strengthenings, ribs and other safety devices.

‘A further object of the invention is to provide an
impeller. for free jet turbines with as high a specific rate
of revolutions as possible.

Moreover, another object of the invention is to provide

a bucket wheel for free jet turbines, the buckets of which
can easily be manufactured of sheet metal by pressing
method. o

Also when applied to a reaction turbine or {0 a centri-
fugal pump the bucket wheel of the invention is intended
to support the bending moment produced by the hydrau-
lic forces impacting on the buckets. .

It is also intended to avoid to a large extent oscillations
being originated, which are likely to be the cause of frac-
tures.

The invention essentially consists in a bucket wheel
with open buckets disposed on a carrier disc and alter-
nately directed toward each side of the wheel, the inner
limiting edge of each bucket being connected to the back
of the following bucket. .

This step supplies an important improvement in tech-
nical stability compared with the known constructions.
The bending moment created by the jet pressure on the
buckets in relation to the fastening point on the wheel
is supported by the following and preceding.bucket.

‘The advantages in technical stability are particularly
great if the connection of the buckets is continuous from
the inlet peripheral knife-edge up to the carrier disc and
if the welded joints of the connection are in a zone free
from any bendmg

The invention is illustrated in more detail in the draw—
ings, wherein

Figure 1 is a view in radial direction of one embodi-
ment of a bucket wheel in accordance with the invention
~ Figure 2 is a view in axial direction of the same em-
bodiment

Figure 3 is a paraxial section

Figure 4 is a top view of a bucket wheel according to
Figures 1 to 3 applied as a carrier disc to a free jet tur-
bine, the casing partially cut open

Figure 5 is a view .in radial direction of another em-
bodiment of a bucket wheel
"~ Figure 6 is a view in axial direction and

Figure 7 is a parax1a1 section of same embodlment

Figure 8 is a side view with casing cut open of the
bucket wheel according to Figures 5 to 7 used as a car-
rier disc for a reaction turbine
. Figure 9 is a view in radial direction of a thlrd embodl-
ment of a bucket wheel

2

" Figure 10 is a view in axial direction and

Figure 11 a paramal section of same embodiment

Figure 12 is a side view with casing cut open of a bucket
wheel according to Figures 9 and 10 used as a carrier
disc for a reaction turbine and

Figure 13 is a side view with casing cut open of same

 bucket wheel used as a carrier disc for a centrifugal pump.
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In the bucket wheel shown in Figures 1 to 3, there are
provided open single-hollow. buckets alternately directed
toward each side of the wheel on the double-cone shaped
carrier disc 1.

The inner limiting edge 2. of each bucket lies on the
rear 3 of the following bucket over its whole length.

The outer limiting edge 4 runs into the conical surface
of the carrier disc. 1. The angle « between the tangent
line of the outer limiting edge 4 at the point of inter-
section with the conical surface and the cone generatrix
passing through the same point is, according to Figure 3,
less than a right angle. The bucket surfaces are prefer-
ably so constructed that at their central inner portion 5
they pass as smoothly as possible. into the conical sur-

. face of the carrier disc 1.
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As can be seen particularly from Flgures 2 and 3, the
peripheral knife-edges 6 of =all the buckets lic on a cy-
lindrical surface coaxial with the wheel axle 7. As the
knife-edges 6 of the bucket wheel lie at the outermost
perlphery, they are easily accessible and can be renewed
in the .simplest way by means of built-up weldmw and
grinding.

As can be seen from Figures 1 to 3, only the bucket
inner parts 14 have a peripheral kmfe~edge 6. The bucket
outer parts 15 are sloped. outwardly at their periphery.
With inner part 14 there is meant the portion of the bucket
extending from the inner limiting edge 2 of the -each
bucket to the inner 11rmt1ng edge 2 of the preceding bucket.
The outer part 15 is the remaining portion of the bucket.

The inner surfaces i.e. the hydraulic effective surfaces
of the bucket have their strongest curvature at the cuter
parts 15. The inner parts 14 are but slightly inclined to
the central plane of the carrier disc 1 normally lying on
the wheel axle 7. Consequently, the peripheral knife-
edges 6 form a far displaying 21gzag line.

The extension of the bucket inner parts 14 is in cir-
;gmferentxal direction greater than that of the outer parts

The bucket wheel accurdmg to Fxgures 1 to 3 is able
to be used as.a carrier disc for a free jet turbine. As
such, the bucket wheel is mounted in the usual way in
a casing 8 as visible in Figure 4. The water free jet
impulsing the bucket wheel flows from a nozzle 9 car-
ried through the casing wall in direction of -arrow 18,
Arrows 11 indicate the free jet width, This width is
substantially of the same size as the axial breadth of the
peripheral knife-edge 6. According to Figure 4, the free
jet impacts upon the lower half of the bucket wheel;
under this admission t‘1e bucket wheel revolves in di-
rection of arrow 12.

After impacting upon the buckets or the peripheral
knife-edge ¢ the free jet separates into branch jets.

The branch jet flowing between the peripheral knife-
edges ¢ of two neighboring buckets is deflected by the
single-hollow shaped bucket, Whereby it exerts a hy-
draulic force upon the bucket and is discharged witd
as much energy so as not to cause an exit loss of energy
beyond the tolerable value, in the absolute exit direction
of the arrows 13, along the outer limiting .edge 4 of
the bucket acting as outlet edge.:

The resultant of the hydraulic forces acts approximate-
ly at the centre of the bucket which is just the place
where the bucket is supported by .the preceding bucket
over the entire radial extent from the inlet knife-edge
6 down to' the periphery of the carrier disc L. Through
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this mutual connection 6f all buckets alternating toward

each side and forming a bucket ring or wreath, closed
up to the exterior diameter of the wheel, the neighboring
buckets also take up a part of the peripheral or hydraulic
forces exerted at a certain moment upon the bucket con-
cerned. S '

Owing to this mutual stiffening of the buckets, the
bucket feet or roots no longer have to take up any bend-
ing tensions, but only have to transmit the hydraulic and
centrifugal forces onto the double-cone shaped carrier
disc 1.

Stiffening ribs are superfluous, thin wall-thicknesses

can be selected, and the bucket ring or wreath can be .

welded directly to the axle collar, so that space and
freedom are gained for a most propitious construction
of the buckets in accordance with flow techmniques in
order to attain a high specific rate of revolutions and to
make available a high efficiency. 7 .

The welded joints connecting the buckets to one an-
other along their inner limiting edges 2 (Figures 1 to 3)
lie within zones free from bending, so they are not sub-
jected to undesired strain.

The small diameter of the carrier disc 1, its moderate
axial dimension and the simple connection offer little
resistance to the branch jets flowing left and right and
also permit an increase of the specific rate of revolutions.
This makes it possible to employ free jet turbines where
hitherto it was necessary to use Francis turbines.

Due to the special arrangement of the buckets on the
carrier disc 1, in particular when the bucket surface at
its central inner portion 5 passes smoothly into the coni-
cal surface, further advantages are obtained of a fluid-
dynamic character. Thus parts of the carrier disc 1 con-
tribute to the water deflection. ' In this manner, the car-
rier disc 1 adds to its own function another supplemen-
tary function according to fluid dynamics.

The selection of the angle « at 90° (Figure 3) and less
has in conmection with the other measures relating to
fluid dynamics and stability a practical significance in
accordance with fluid dynamics, whereby simultaneously
economy of material is obtained as compared with
former constructions of said bucket parts.

According to Figure 4, the water is conducted, in the
usual manner, as a cylindrical free jet on to the bucket
wheel. The water supply may be in the form of multiple
free jets or the so-called annular jet.

The embodiment of the bucket wheel of the invention
shown in Figures 5 to 7 truly differs in its exterior ap-
pearance from the embodiment of Figures 1 to 3 but the
fentures which characterize the invention are also pres-
ent here. The inner edges 2 of the buckets alternating
with their open side toward each side of the wheel
are adjacent to the back 3 of the following bucket,
whereby the supporting line extends from the border
of the peripheral edge 6 in a curve up to the periphery
of the double-cone shaped carrier disc 1.

Contrasting with the embodiment of Figures 1 to 3, the
buckets here are positioned close to one another. The
extension along the circumference of the carrier disc 1
is greater by the bucket outer parts 15 than by the inner
parts. . The outer limiting edge 4 of each bucket lies with
the inner limiting edge of the subsequent bucket in about
the same plane comprising the wheel axle.  Further, the
outer part 15 of each bucket forms with the inner part
14 of the subsequent bucket pairing surfaces - slightly
converging. The least distance betweeen the outer part
15 of a bucket and the inner part 14 of the following
bucket is to be found in the zone of the outer limiting
edge 4. 'The peripheral knife-edges 6 of the bucket in-
ner parts 14 form a compact zigzag line. Further, the
bucket outer parts 15 also are ending in peripheral
knife-edges which lie in a common coaxial cylindrical sur-
face with the knife-edges 6 of the inner parts 14. '
 This bucket wheel embodiment is particularly suit-
able for reaction turbines as can be seen from Figure 8.
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The bucket wheel is mounted in a casing 16 and provided
with two discharges 17, 18. The water supply is con-
ducted onto the bucket wheel over a spiral casing 19 in
direction of arrow 20.’

Owing to the oblique position of the peripheral knife-
edges 6 over the bucket partition, the water streaming in
direction of the arrows 20 will divide with less shock and
the longitudinal oscillation of the impacting water in the
pipe is not so easily amplified.” The water leaves the
bucket on both sides of the bucket wheel without energy
in the absolute direction 21. The direction of the bucket
rotation effected thereby is indicated by the arrow 22.

In applying the bucket wheel of the invention accord-
ing to the embodiment of Figures 5 to 7, the result is that
the reaction turbine will somewhat resemble the Francis
twin-turbine, only substantially simplified in that owing
to the connection of the buckets to one another and fo.
the carrier disc 1 the hydraulic and centrifugal forces can

_be transmitted by the buckets only to the impeller, so that

the usual base and bucket wreath of Francis wheels are
here superfluous. .

Another embodiment of a bucket wheel in accordance
with the invention is shown in Figures 9 to 11. The
difference from the embodiment of Figures 5 to 7 lies in
the radial prolongation 23 of the bucket surfaces. This
radial prolongation 23 has a breadth of the same size as
the breadth of the peripheral knife-edges 6 of the bucket
wheel according to Figures 5to 7. '

Figure 12 shows a bucket wheel according to Figures 9
to 11 as used for a reaction turbine, Like in Figure 8 the
bucket wheel is mounted in a casing 16 and is provided
with two discharges 17, 18. In the same manner, the
water supply is conducted onto the bucket wheel over
a spiral casing 19 in direction of arrow 20. Said spiral
casing 19 is connected to the casing 16 over a circular
area defined by ring-shaped walls 24. The radial pro-
longations 23 of the bucket wheel are extending in said
circular area. This measure secures a reliable hydraulic
guidance of the streaming water. The arrow 21 shows the
direction of discharge of the water discharging without
energy. Arrow 22 indicates the direction of rotation of
the wheel.

The embodiment according to Figures 9 to 11 is also
advantageously suitable for pumps for the delivery of
water or air. As shown in Figure 13 the direction of
rotation of the wheel and the stream direction are merely
reversed. The arrow 25 indicates the direction of rota-
tion of the wheel. The medium to be delivered is supplied
in axial direction of the arrows 26 and discharged radi-
ally in the direction of the arrows 27 with increased
pressure into the spiral casing 19 here acting as a diffuser.

Having thus fully described the invention, what 1
claim as new and desire to secure by Letters Patent is:

1. A bucket wheel comprising a carrier disc, open
buckets having substantiaily the same wall thickness
throughout disposed in staggered arrangement at the
periphery of said carrier disc and alternately directed to
the right and left with respect to the middle plaoe of
said carrier disc normal to the wheel axle, each bucket
being in immediate commection with the back of the
foilowing one; the connection of each bucket to the back
of the following bucket substantially extending along the
entire radial length of said back.

2. A bucket wheel as set forth in claim 1 wherein
each bucket is uninterruptedly connected with the neigh-
boring bucket. :

3.- A bucket wheel as set forth in claim 1, wherein the
interior angle of the bucket surface between the outer
limiting edge of the buckets and the generatrices of the
carrier disc are 90° or less.

4. A bucket -wheel comprising a carrier disc,-open
buckets having substantially the same wall  thickness
throughout disposed in staggered arrangement at the
periphery of said carrier disc and alternately directed to
the right and left with respect to the middle plane of said
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carrier disc normal to the wheel axle, each bucket being
in immediate connection with the back of the following
one, the connection of each bucket to the back of the
following bucket substantially extending along the entire
radial length of said back, the region of strongest curva-

_ture of the bucket inner surfaces being at the outer parts
of the buckets, the inner parts of said buckets being but
slightly inclined towards said middle. plane, the bucket
inner parts having peripheral edges whereas the bucket
outer parts are sloped outwardly.

5. A bucket wheel comprising a carrier disc, open
buckets having substantially the same wall thickness
throughout disposed in staggered arrangement at the
periphery of said carrier disc and alternately directed to
the right and left with respect to the middle plane of said
carrier disc normal to the wheel axle, each bucket being
in immediate connection with the back of the following
one, the region of strongest curvature of the bucket inner
surfaces being at the inner parts of the buckets, the outer
part of one bucket forming with the inner part of the
neighboring bucket pairing surfaces slightly converging,
the bucket inner parts as well as the bucket outer parts
having peripheral edges lying in a common cylindrical
surface coaxial with the wheel axle.

6. A bucket wheel comprising a carrier disc, open
buckets having substantially the same wall thickness
throughout disposed in staggered arrangement at the
periphery of said carrier disc and alternately directed to
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the right and left with respect to the middle plane of
said carrier disc normal to the wheel axle, each bucket
being in immediate connection with the back of the follow-
ing one, the region of strongest curvature of the bucket
inner surfaces being at the inner parts of the bucket, the
outer part of one bucket forming with the inner part of the
neighboring bucket pairing surfaces slightly converging,
the bucket inner parts having radial prolongations with
peripheral edges which lie in a cylindrical surface coaxial

‘with the wheel axle.
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